Abstract: In this paper, two types of fiber surface treatment methods, namely heat treatment and chemical coupling, were used to improve the basalt fiber surface properties. The basalt fiber surface was heated under 250Celsius degree for 30minites, and then was treated by silane coupling agent ethanol solution with different concentrations. X-ray photoelectron spectroscopy (XPS) was utilized to study the surface chemical compositions of basalt fiber after treatments. The XPS analysis indicated that chemical bonds between basalt fiber and KH-550 have occurred, and silanols were adsorbed to the surface of basalt fibers by an ether linkage between the silanols and the hydroxyl groups of the fibers. When the concentration of KH-550 is 0.8wt%, the optimal bonding condition is formed between basalt fiber and silane coupling agent.
Introduction
Natural fibers, such as glass and carbon fiber, are widely used to reinforce the wood structure, concrete and cements. The bonding performances of fiber reinforced polymer largely depend on the surface properties of basalt fiber. Silane coupling agents are widely used in fiber surface treatment to improve the bonds between fiber and polymer matrix. Many researchers have been conducted to study the interface of natural fiber reinforced polymers, through Fourier Transform Infrared Spectroscopy and other methods [1] [2] [3] [4] . The chemical bonds between fibers and silane coupling agent can also be analyzed by XPS. Through XPS analysis, it was confirmed that silanes were absorbed onto E-glass fibers in the hydrolyzed state [5] . An ether linkage between the alkoxy or alkyl groups of silanols and the hydroxyl groups of the newsprint-fibers and a hydrogen bonding between the protonated amine and the hydroxyl groups of the fibers were identified [6, 7] . Basalt fiber is one kind of environmental friendly material, and its composition is similar to glass fiber, with high performance of tensile strength, modulus, erosion resistance and chemical stabilities [8] . Therefore, some researchers have studied on the performances of basalt fiber reinforced polymer under different environment conditions [9, 10] . However, few researches concerning about the surface analysis of silane coupling agent/basalt fiber were done. As a result, this paper is focusing on the interfacial study of basalt fiber/silane coupling agent on the molecular level by XPS.
Materials and experiment

Materials
The basalt fibers were provided by Building Materials Research Institute, Yingkou Liaoning Province, China. The KH-550 and 95% ethanol were supplied by Yaohua chemical plant, shanghai, China. The basic properties of basalt fiber are shown in Table 1 . Fiber Surface Treatment Two types of fiber surface treatment methods, namely heat treatment and chemical coupling, were used to modify the surface properties in order to improve the bonding performance of basalt fiber and polymer matrix. Heat Treatment. First, basalt fiber was cut into areas of 300mm×170mm, and five samples should be made. Then, basalt fiber was heated under 250Celsius degree for 30minites, in order to remove the sizing agent on the fiber surface.
Chemical Coupling. The chemical formulae of KH-550 is NH 2 -CH 2 -CH 2 -CH 2 -Si-(OCH 3 ) 3 . It was used to modify the basalt fiber surface properties with different concentrations. First, prepare water solution containing 0.4wt%, 0.8wt%, 1.2wt%, 1.6wt% and 2.0wt%, and then add KH-550 into the solution making the concentrations of KH-550 0.4wt%, 0.8wt%, 1.2wt%, 1.6wt% and 2.0wt% in the ethanol solution. At last, the basalt fiber samples were immersed into the KH-550 solution for 4 hours, and then dried in the oven at 110Celsius degree for 5minites to accelerate the reaction between basalt fiber surface and the silane coupling agents. The chemical reaction is shown as Fig.1 [11] . Fig.1 Chemical reaction between silane coupling agent and basalt fiber X-ray Photoelectron Spectroscopy Studies X-ray photoelectron spectra of basalt fibers were recorded in Analysis Center of Tsinghua University by using an X-ray Photoelectron Spectrometer (PHI Quantera SXM, ULVAC-PHI, INC-Japan). The analyzed sample area is approximately 4 mm×4mm, placed in a vacuum where the pressure is 0.5×10 -9 Torr. Binding energy is calibrated with C1s=284.8eV.
Results and discussion
The surface elemental composition of basalt fibers after KH-550 treatment is summarized in Table  2 . The oxygen-to-carbon (O/C) ratios are also calculated and listed in this table. The increase in the concentration of unoxidized carbon leads to decrease of the O/C ratio, which indicates that the silane coupling agent have attached to the surface of fiber [7] . During chemical coupling treatment,
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Application of Chemical Engineering the alkoxyl group of silane coupling agent are replaced by hydroxyl group, and ether linkage are formed between silanols and hydroxyl groups of the basalt fiber as shown in Fig. 1 . As a result, the more ether linkage forms, the lower O/C ratio becomes. The table 2 shows that basalt fiber treated with 0.8wt% KH-550 has the lowest O/C ratio. Therefore, it is concluded that the largest amount of KH-550 have been absorbed to the surface of basalt fiber when basalt fiber is treated with 0.8wt% KH-550. The following figures are the XPS analysis of Si 2p on basalt fibers treated by different concentrations of KH-550 ethanol solution. Table 3 is the XPS analysis data of Si 2p on basalt fibers surface. Fig.2(a) -(e) represent binding energy from high-resolution Si 2p spectra of basalt fiber treated by 0.4wt%, 0.8wt%, 1.2wt%, 1.6wt% and 2.0wt% KH-550 ethanol solution. The analysis of the total Si 2p high-resolution spectra of treated basalt fiber with 0.4wt% KH-550 showed that they consist of three component peaks at around 102.87 eV, 102.47 eV and 101.92 eV. Table 3 shows that binding energy of these three peaks are 102.87 eV (SiO 2 ), 102.47 eV (Si-O-Si) and 101.92 eV (Si-OH). It is concluded that there are three chemical bonds of silicon element on the basalt fiber surface. The silane coupling agent is capable of hydrolyzing to silanols in the solution [5] . Some researchers confirmed that an ether linkage between silane coupling agents and newsprint fiber surface existed [6] . As Fig.1 shows, after condensation and hydration, the ether linkage (Si-O-Si) is formed between coupling agent and basalt fibers. Therefore, silanols (Si-OH) of KH-550 are also absorbed to the surface of basalt fiber. The amount of KH-550 affects the amount of silanol and ether linkage. In addition, basalt fiber is mainly composed of SiO 2 . The area ratio of SiO 2 among these three chemical bonds is the biggest. The ether linkage is formed on the fiber surface, though the number of it is small. Fig. 2(b) reveals that the ether linkage (Si-O-Si) on the basalt fiber surface increase a lot, and take about 24.93% of the spectra area. Naturally, the amount of silanol on the basalt fiber surface decreases a bit, because more silanols of KH-550 are being used to form ether linkage. This indicates that as the concentration of KH-550 increases to 0.8wt%, the chemical bonds between basalt fiber and silane coupling agent become better. The reason which can explain this situation may be that the high concentration of KH-550 lead more SiO 2 hydrolyze into silanols. From these spectra surveys analysis, it is reasonable to conclude that the Si-OH increases to a large level, when the concentration is above 0.8wt%, but the amount of ether linkage arrives at its maximum at the concentration of 0.8wt% KH-550. 
Conclusions
XPS analysis results are based on the silicon element and chemical compositions of basalt fiber surface treated by different concentration of KH-550. The mechanism how silane coupling agent were absorbed on the surface of basalt fiber has been substantiated. Also, the optimal bonding condition has been picked out under the experimental conditions. Through XPS analysis of basalt fibers treated with several concentrations of KH-550, the ether linkage (Si-O-Si) is formed between basalt fiber and KH-550, and the optimal bonding condition is obtained when the concentration of KH-550 is 0.8wt%.
